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Aim: This study was carried out to assess concentration status of some 
heavy metals in water along River Dilimi, Nigeria. The Nigerian inland water 
bodies have been subjected to various forms of degradation due to 
pollution. River Dilimi in Jos North of Plateau state capital is one of such 
endangered inland water bodies. Activities around and in the river has led 
to discharge of various heavy metal pollutants into the aquatic 
environment rendering water unsuitable for its intended purposes. 
Methodology and Results: Six (6) water samples were collected at the 
upper, centre and lower section of the river at the 20 and 120 cm depth,  
for every six (6) weeks making a total of eighteen (18) samples, Analyzed at 
Nigerian Institute of Mining and Geosciences, Jos. The water samples 
collected were pre-treated with few drops of concentrated Nitric acid, and 
digested with Aqua-regia in the ratio of 3:1 for an hour. Different standard 
solutions were prepared for AAS analysis under Beer-Lambert method of 
metal analysis using Atomic Absorption Spectrophotometer (AAS). The 
data obtained were subjected statistical analysis. The results obtained from 
analyzed water samples were alarming, iron, lead, cadmium and 
Manganese were above the recommended threshold by 277, 6,400, 1,233 
and 580% accordingly, while zinc and copper were within permissible limit. 
Conclusion, significance and impact study: River Dilimi can be said to be 
highly concentrated with hazardous metals of concern like Fe, Pb, Cd and 
Mn. This as a result of bioaccumulation will affect human and animal 
health, aquatic life and crop productivity. 
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Rivers are good sources of water supply, activities along river banks make it unfit for human and 
agricultural purposes as reported by Edwin, (2018). Safe and good quality water is required for 
human health but when polluted it may become the source of undesirable substances that is 
dangerous to crops, animals and human health which can cause disease such as various forms 
of cancer, adverse reproductive outcomes, cardiovascular disease and neurological disease 
(Olcay et al., 2010). River banks could be very busy, varied activities are carried out along river 
banks which include: farming, industrial, and domestic effluents discharged among others which 
have effects on water quality and availability thereby making it unsuitable not only for domestic 
use, but also for agricultural purposes (Amune et al., 2012). 
 In the past microbial quality of water for portable uses was of concern and was often given 
the first priority due to the immediate and potential consequences of water-borne infectious 
disease, this is a far-cry from what is obtainable now (Ahmad et al., 2010). The Nigerian inland 
water bodies have been subjected to various forms of degradation due to pollution. River Dilimi 
in Jos North of Plateau state capital, Nigeria, is one of such endangered inland water bodies 
(Ahmed et al., 2013). The major water pollutants include contamination due to domestic 
wastes, food processing wastes, fertilizers, pesticides, livestock wastes, processing plants, 
volatile organic compounds, heavy metals, chemical wastes, and industrial discharge among 
others as reported by Iyyanki et al., (2017). Deficit supply of fresh water is one of the most 
important problems facing residents of Jos North and its environs due to water pollution, where 
all the rivers are polluted, hence, rendering the water supply (Aliyu et al., 2019). 
In natural aquatic ecosystem, heavy metals occur in low concentrations mainly due to 
weathering of soils and their associated bedrock. In recent times, however, there has been an 
unprecedented increase in the level of these heavy metals due to human activities (Sabo et al., 
2013). The occurrence of such heavy metals in excess of natural load has become a problem of 
increasing concern not only to environmentalists but also to health practitioners (Sabo et al., 
2013). 
Heavy metals are elements that exhibit metallic properties; they are usually of high density 
and toxicity (Jakir and Arif, 2017). The concern about heavy metals stems from their persistence 
in the environment as they are not easily degraded either through biological or chemical means 
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unlike most organic pollutants (Ahmed et al., 2013). Ahmed et al., (2013) observed that the 
discharge of various heavy metal pollutants into the aquatic environment could damage the 
quality of the ecosystem, thereby rendering water unsuitable for its intended use, hence, 
posing a serious health threat to the immediate population and agricultural purposes. 
Heavy metals in the environment lack natural elimination process, as such, they occur 
naturally in the earth's crust at varying concentrations in all ecosystems (Ahmed et al., 2011). 
Unfortunately, human activities have drastically interfered with the biogeochemical cycle and 
balance of heavy metals in the various ecosystems (Edwin, 2018). Currently, increased concern 
has shifted over to the concentration of heavy metals in water, because the public has now 
become aware of the toxic effects of heavy metals on human health. In fact, globally, heavy 
metals’ pollution has been marked as a serious environmental problem owing to their 
persistent and accumulative properties (Okafor and Opuene, 2007). 
It is a well-known fact that some essential metals such as Iron (Fe), Copper (Cu), Cobalt (Co), 
Zinc (Zn), Manganese (Mn) and Chromium (Cr) are required by the body to perform 
physiological functions of living tissues and regulate many biochemical processes (Edwin, 2018). 
Non-essential metals are those metals that are not required by a living system and can be toxic 
even in trace amounts, these include Cadmium "Cd", Mercury (Hg), Lead (Pb), Titanium (Ti), 
Arsenic (As), Bismuth and Antimony (Singh et al., 2010). Whether essential or non¬essential, all 
heavy metals are toxic at higher concentrations with their toxicity linked to chronic diseases 
such as renal failure, liver cirrhosis, brain syndrome, and many others (Edwin, 2018). When the 
concentration levels of the heavy metals exceed the permissible limit in water such water is said 
to be polluted (Edwin, 2018).  
According to Ibrahim (2013), water pollution is any biological, chemical and physical 
changes in water quality that have harmful effects on living organisms or make water unsuitable 
for a desired purpose. Water is typically referred to as ‘polluted’ when it is impaired by 
anthropogenic pollutants or contaminants and either does not support human use, such as 
drinking water and/or undergoes a marked shift in its ability to support its constituent biotic 
communities, such as aquatic organisms (Balkis, 2012). Water pollution is a major global 
problem that requires ongoing evaluation and revision of water resources policies at all levels 
(from international down to individual aquifer and wells) (Dapan, 2015). Researches revealed 
that water pollution is the leading worldwide cause of deaths and disease which accounts for 
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the death of more than 14,000 people daily (Balkis, 2012) 
Plateau State is endowed with mineral resources particularly tin and limestone. This shows 
that disturbance of the ground has the potential to expose these ores to the action of air and 
water erosion to cause them finds their way into the environment. Therefore, there is a high 
possibility for the heavy metals present in the ores to enter water along the river through 
runoffs, seepages and leaching operations thus, rendering the water unfit for human use, in an 
otherwise, water scarce area- an occurrence that calls for water conservation (Edwin, 2018). 
This study is to evaluate the potential levels of heavy metals’ contamination along river Dilimi in 
Jos North of plateau state. 
Pollution of water resources is one of the major causes of the scarcity of fresh water in Jos 
North city and its environs necessitating the need for conservation of fresh water sources and 
supplies. Earlier researches conducted revealed that the water along River Dilimi is already 
contaminated with some heavy metals in which such water which renders it unfit for irrigation 
purposes and aquaculture (Ahmed et al., 2013; Ahmed et al., 2011; Aliyu et al., 2019). Although 
from all the literatures cited, the researchers did not indicate the periods at which the 
researches were conducted, when the rain is at the peak leading to high run-off, when the rain 
is subsiding leading to low run-off and when the rain is off where there is no run-off completely. 
Also, reference was not made as to what depth the water samples were collected, to ascertain 
if concentration of metals vary with depth. This study was carried out to determine the 
concentration of some heavy metals along River Dilimi around, the variation of concentration 
levels with respect to depth and to ascertain the variation in concentration levels during the 
period of study. 
 
2. RESEARCH METHODOLOGY 
 
2.1 Description of the Study Area 
 
Jos - North local government is located at the extreme North of Plateau State on Latitudes 09 53 
and 09° 591 North and Longitudes 08° 511 and 09° 021 East. It shares boundary to the North 
with Toro Local Government Area of Bauchi State; to the South with Jos-South Local 
Government area: to the North-East with Jos-East Local Government Area; and to the West with 
Bassa Local Government Area (Ahmed et al., 2011 and Aliyu et al., 2019). Figure 1 shows the 
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location of the study area in Plateau State, while Figure 2 shows the location of the sample 
points along river Dilimi.  
 
2.2 Sampling Procedure and Analysis 
 
The length of the river was measured and mapped out to be 1,500 meters. Ten sampling 
stations were mapped, out at the interval of 150 meters length from each other. Three stations 
were randomly selected using Simple Random Sampling Technique from the ten stations 
mapped out, after; they were numbered from 1-10 to serve as representative of the ten 
stations, which covered the study area. Calibrated water drawer was used to collect water 
samples from the surface and at 120 cm depth of each of the three randomly selected stations 




Figure 1 Map showing Jos North 
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Figure 2 Map showing River Dilimi 
 
The design for this research is Nested (factorial arrangement) design as indicated in Figure 
3, water samples were collected at the upper, middle and lower section of the river, at the 




Figure 3 Nested design 
 
Polythene bottles with screw caps were well labeled and were used to fill them with the 
collected samples for laboratory. Six (6) water samples were collected three times for every six 
(6) weeks making a total of eighteen (18) samples from July- November 2019. Atomic 
Absorption spectrophotometer was used to analyze the selected heavy metals (Pb, Mn, Cd, Fe, 
Cu, and Zn) in water samples collected. The water samples collected were pre-treated with few 
drops of concentrated Nitric acid (HNO3) to the samples to avoid metal absorption at the 
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35 
temperature of 4oC before and after digestion of the water samples for AAS analysis. In order to 
determine the concentration levels of the heavy metals in water samples collected, the samples 
were digested with aqua-regia (HNO3 67% : HCl 37% = 3:1) for one hour at the temperature of 
100oC in a fume cupboard until the solutions were transparent. Different standard solutions 
were prepared for AAS analysis under Beer-Lambert method of metal analysis as reported by 
Samkwar (2015), Dalen, (2015) and Dapam, (2015). Data obtained was subjected to ANOVA 
using SAS 4 version, while the analysis for the depths that is top depth and bottom depth were 
subjected to T-test using SPSS version 11.1. 
 
3. RESULTS AND DISCUSSION 
 




Iron (Fe) mean values obtained ranged from 0.63-1.13 (ppm), the highest mean value of 1.13 
ppm was recorded during October to November 2019, while the lowest mean value of 0.63 
ppm was recorded during August to October 2019. However, the mean values obtained were 
higher than the permissible limit of 0.30ppm according to WHO/FAO (2011) as presented in 
Table 1. It was observed that the mean concentration values of Fe differ significantly at (P<0.05) 
between July-August and October-November, this is indicative of the fact that the mean 
concentration value of Fe increases as river experiences depletion. It is obvious that the centre 
section of the river is safe for farmers to collect water for irrigation as presented in Table 2. The 
results further showed significant difference in the concentration values between water 
samples collected at the surface and bottom depth at (P<0.05) as presented in Table 3.which is 
indicative of the fact the mean concentration value of  Fe increases as the depth increases, 
indicating that using surface water is a little bit safer if need be. The concentration level of Fe 
was observed to be 277% above the recommended threshold value, which is very dangerous to 
human and aquatic life.  
This research seems to be in accordance with the work of Abolude et al., (2013); they 
assessed heavy metals in water and sediment of Bindare stream, Chikaji, industrial area Sabon 
Gari, Zaria and reported Fe mean value of 5.98 ppm, which is above the values obtained during 
this study, even though they did not specify the period. However, period has effect in the 
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36 
concentration level of Fe which may be due to fluctuation rate of surface runoff and effluents 
discharged from factories, residents and water treatment plants as reported by Aliyu et al., 
(2019).  
If it is necessary for farmers to use the water advisably, they should use the water during 
August to September that is when the concentration is moderately low. This research seems to 
be at par with the work of Obaroh et al., (2015); who evaluated some heavy metals in River 
Argungu, Kebbi state, Nigeria and confirmed the concentration value of Fe to be 7.55 ppm 
during December, which is above the values obtained during this study.   
 
Table 1 Effect of period on each heavy metal 
 
Parameter (ppm) Period 1 Period 2 Period 3 WHO/FAO 2011 SEM 
Iron (Fe) 0.93b 0.63c 1.13a 0.30 0.08 
Copper (Cu) 0.00 0.04 0.02 2.00 0.01 
Zinc (Zn) 1.43b 1.81a 0.00c 3.00 0.14 
Lead (Pb) 0.36b 0.31b 0.65a 0.01 0.05 
Cadmium (Cd) 0.04 0.04 0.03 0.003 0.01 
Manganese (Mn) 1.67b 1.04c 2.74a 0.40 0.15 
a, b means with different superscripts within the same row differ significantly (p<0.05).Period 1 = July-August 
2019, Period 2 = August-October 2019 and Period 3 = October-November 2019. SEM means standard error of 
mean. 
 
3.1.2   Cooper 
                          
The mean concentration values of copper (Cu) obtained ranged from 0.00-0.04 (ppm), the 
highest mean value of 0.04 ppm was recorded during August to September 2019, while the 
lowest mean value of 0.00 ppm was also recorded during July to August 2019. Therefore, mean 
values obtained were below the permissible limit of 2.00 ppm set by WHO/FAO (2011) as 
shown in Table 1. There was no significant difference with respect to location where sample of 
water was collected as presented in Table 2. The mean concentration values of Copper (Cu) at 
the surface depth (20 cm) and bottom depth (120 cm) were constant at (P<0.05) as presented 
in Table 3, which implies that depth does not affect Cu concentration. This could be due to less 
discharge of copper-containing materials and surface run-off along the drainage leading to the 
river.  
Therefore, the water of river Dilimi during July to November can be said to be free from Cu 
toxicity, this seems to be at par with the work of Dogora et al., (2017), who assessed heavy 
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metals concentration in drinking water samples from selected areas of Kaura L.G.A. of Kaduna 
state and reported the Cu mean concentration value of 0.002 ppm, which is below the values 
obtained during this research. Bala et al., (2008), evaluated the level of some heavy metals in 
water collected from two pollution-prone irrigation areas around Kano metropolis, reported a 
Cu value which was below the values obtained in this study. Furthermore, there was no 
significant difference observed in the mean concentration levels of Cu within the considered 
periods. The variation in the mean concentration values of Cu between the surface and bottom 
depth does not differ significantly at (P<0.05). The water can be said to be highly safe from Cu 
toxicity. 
 
3.1.3 Zinc  
 
Zinc (Zn) mean values obtained ranged from 0.00-1.81 (ppm), the highest mean value of 1.81 
ppm was recorded during August to September 2019, while a null value of 0.00 ppm was 
recorded during October to November 2019. However, mean values obtained were below the 
permissible limit of 3.00 ppm set by WHO/FAO (2011) as shown in Table 1. The variation in the 
concentration values of Zn with respect to surface and bottom depth do not differ significantly 
at (P<0.05), which is indicative of the fact that the concentration of Zn decreases slightly with 
increased in depth as indicated in Table 3.   
Therefore, river Dilimi during the considered periods can be said to be free of Zn toxicity, 
this seems to be in accordance with the work of Aliyu et al., (2019), who assessed heavy metals 
in water and plants along rivers Dilimi and Jenta, Jos, even though they did not specify the 
period; they reported Zn mean values of 0.26 ppm at Angwan Soya along river Jenta, which is 
below the obtained values during this study. 
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Table 2 Effect of Location on each heavy metal 
 
Parameters (ppm) Upper Centre Lower WHO/FAO 2011 SEM 
Iron (Fe) 0.87b 0.68c 1.14a 0.30 0.08 
Copper (Cu) 0.02 0.03 0.01 2.00 0.01 
Zinc (Zn) 0.67c 1.52a 1.06b 3.00 0.14 
Lead (Pb) 0.45a 0.52a 0.36b 0.01 0.05 
Cadmium (Cd) 0.04 0.03 0.04 0.003 0.01 
Manganese (Mn) 1.87b 1.61c 1.97a 0.40 0.15 
a, b means with different superscripts within the same row differ significantly (p<0.05).  
SEM means standard error of mean 
 
However, the effect of season on the concentration status of Zn cannot be overstressed 
due to fluctuation rate of surface runoff and effluents discharged from factories, residents and 
water treatment plants as reported by Aliyu et al., (2019). It was observed that there is 
significant difference in the concentration levels of Zn between the centre and lower section of 
the study area at (P<0.05), which is indicative of the fact that as the flood decreases, the 
concentration value of Zn also increases as reported by Radulescu et al., (2014).  
 
Table 3 Effect of depth on each heavy metal 
 







Iron (Fe) 0.78b 1.02a 0.30 0.08 
Copper (Cu) 0.02 0.02 2.00 0.01 
Zinc (Zn) 1.10 1.06 3.00 0.14 
Lead (Pb) 0.48ac 0.41b 0.01 0.05 
Cadmium (Cd) 0.03 0.04 0.003 0.01 
Manganese (Mn) 1.62b 2.00a 0.40 0.15 
a, b means with different superscripts within the same row differ significantly (p<0.05). 
SEM means standard error of mean 
 
3.1.4 Lead  
 
The mean values of Lead (Pb) obtained ranged from 0.31-0.65 (ppm), the highest mean value of 
0.65ppm was recorded during October to November 2019, while the lowest mean value of 0.31 
was obtained during August to September (2019), respectively. However, the mean values 
obtained were higher than the permissible limit of 0.01 ppm according to WHO/FAO (2011) as 
presented in Table 1. There was no significant difference with respect to locations as presented 
in Table 2.   
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39 
Therefore, river Dilimi during the considered periods can be said to be highly concentrated 
with Pb. The concentration level of Pb was observed to be 6,400% above permissible limit, 
which is quite alarming owing to its persistence, accumulation properties and adverse effects 
on human health, plant physiology and aquatic life. This study seems to be at par with the work 
of Aliyu et al., (2019), they assessed heavy metals in water and plants along rivers Dilimi and 
Jenta, Jos, even though, they did not specify the period. They reported mean concentration 
values of Pb to be 0.185ppm at Congo and Katako, which is lower than the values obtained 
during this study, even though their value is still against threshold limit. This study also 
reaffirmed the work of Ahmed et al., (2011), who assessed Trace Metals’ Contamination of 
Stream Water and Irrigated Crops at Naraguta, Jos, during November 2008 and reported the 
mean concentration value of 1.57ppm at the center section of the river, which is higher than 
the obtained values during this research, which is indicative of the fact that Pb concentration 
level increases as the rains depletes as reported by Aliyu et al., (2019).    
The outcome of this research reaffirmed the work of Ahmed et al., (2011), who assessed 
Trace Metals’ Contamination of Stream Water and Irrigated Crops at Naraguta-Jos. They 
reported concentration status of Pb to be 0.138 ppm at lower section of the river in November 
2008, which is lower than the obtained values during this study as presented in Table 2. 
Likewise, this seems to be at par with the work of Orish et al., (2019), who assessed Pb levels in 
vegetables from artisanal mining site of river Delimi and reported the Pb mean value of 2.50 
ppm which is higher than the values obtained during this study as presented in Table 2. It was 
also observed that the variation in the concentration levels of Pb between the upper/centre and 
the lower section of the river differ significantly at (P<0.05), which is an indication of the fact 
that, the Pb concentration is determined by the anthropogenic activities such as mining, 
pesticides application and effluents discharged within a location as reported by Edwin, (2018). 
Sabo et al., (2014), assessed heavy metals in water and fish from Ibrahim Adamu Lake, Jigawa 
state and reported the mean concentration value of Pb to be 0.81 ppm from October 2003 to 
September 2004 which is higher than the obtained values during this study as presented in 
Table 3. It was also observed that the concentration of Pb decreases with increased in depth, 
which may be due to its slight density as water flows and gets accumulated with time as 
reported by Aliyu et al., (2019).   
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3.1.5 Cadmium  
 
The mean values of Cadmium (Cd) obtained ranged from 0.03-0.04 (ppm), the highest mean 
value of 0.04 ppm was recorded during July to September (2019), while the lowest mean value 
was obtained during October to November (2019). However, the mean values obtained were 
higher than the permissible limit of 0.003 ppm according to WHO/FAO (2011) as presented in 
Table 1. Cadmium (Cd) mean concentration values of 0.03 ppm and 0.04 ppm at the surface 
depth (20 cm) and bottom depth (120 cm) were obtained as shown in Table 3, which is 
indicative of the fact that the concentration of Cd increases with increased in the depth.  
Therefore, River Dilimi during the said periods can be said to be highly concentrated with 
Cd. The concentration level of Cd was observed to be 1,233% above recommended limit, hence, 
quite alarming owing to its devastating effects on human health and aquatic life. This study 
seems to be at par with the work of Aliyu et al., (2019), who assessed heavy metals in water and 
plants along rivers Dilimi and Jenta, Jos, even though they did not specify the period. They 
reported Cd mean concentration value of 0.127 ppm at Katako, which is lower than the 
obtained values during this research but, still against permissible limit as presented in Table 1 
This study also reaffirmed the work of Ahmed et al., (2011), who assessed trace metals’ 
contamination of stream water and irrigated crops at Naraguta, Jos, during November 2008 and 
reported Cd mean concentration value of 0.138 ppm at the lower section of the stream which is 
lower than the obtained values during this study, but still against threshold limit as presented in 
Table 1. It was observed that the mean concentration levels of Cd showed no significant 
difference at (P<0.05) within the said periods, which is indicative of the fact that Cd 
concentration from July to September remains constant and decreases slightly during October 
to November which may be due to less flood containing Cd materials as reported by Ahmed et 
al., (2011). 
The concentration level of Cd was observed to be 1,233% above recommended limit, which 
is quite alarming as such; the river is unfit for both agricultural and domestic purposes, which 
reaffirmed the work of Ahmed et al., (2011), who assessed trace metals’ contamination of 
stream water and irrigated crops at Naraguta-Jos and reported mean concentration status of Cd 
to be 0.138 ppm at the lower section of the stream in November 2008 which is lower than the 
values obtained during this study, but still is against threshold limit. It was also observed that 
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the variation in the mean concentration values of Cd within the considered locations showed no 
significant difference at (P<0.05), this indicates that the degree of Cd concentration is 




The mean values of Manganese (Mn) obtained ranged from 1.04-2.74 (ppm), the highest mean 
value of 2.74 ppm was recorded during October to November (2019) while the lowest mean 
value of 1.04 ppm was obtained during August to September (2019). However, the values 
obtained were higher than the permissible limit of 0.04 ppm according to WHO/FAO (2011) as 
presented in Table 1. Manganese (Mn) means concentration values increased with increase in 
depth as shown in Table 3.  
The concentration level of Mn was observed to be 580% above the threshold limit hence, 
the water can be said to be unfit for irrigation and aquatic life; this reaffirmed the work of 
Abolude et al., (2013), who analyzed heavy metals in water and sediment of Bindare stream, 
Chikaji industrial area Sabon Gari Zaria and reported the Mn mean value of 5.68 ppm which is 
higher than the obtained values during this study comparing to what is presented in Table 1. It 
was observed that the mean value increases as the surface runoff reduces hence; Mn was 
observed to increase with depth as presented in Table 3, affirmed by Abolude et al., (2013). The 
river can be said to be unfit for irrigation, aquaculture and domestic purposes, this seems to be 
at par with the work of Obaroh et al., (2015), who evaluated some heavy metals concentration 
in river Argungu, Kebbi state. It was observed that mean concentration values of Mn between 
the surface and the bottom depth differ significantly at (P<0.05), which is an indicative of the 
fact that Mn concentration increases with increased in depth due to its high density according 
to Sweta et al., (2018).  
 
4. CONCLUSION  
The study revealed that Fe, Pb, Cd, and Mn mean concentration values obtained from water 
samples collected along River Dilimi were higher than the permissible limit, while Cu and Zn 
mean concentration values were lower than the threshold limit set by WHO/FAO (2011). 
However, River Dilimi can be said to be highly concentrated with hazardous metals of 
concerned (Fe, Pb, Cd and Mn). This indicates that using River Dilimi for irrigation, animal 
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production and domestic purposes may cause catastrophic danger in the food chain hence, 
resulting to risk in human health, animals’ productivity, aquatic life and crop productivity as a 
result of bioaccumulation. 
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